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A B ST R A CT 

Objectives: Increasingly, laboratories flag low serum alkaline phosphatase (sALP) that are age-and sex-specific in paediatrics. The aim of this 
study was to report clinical manifestations of paediatric patients with age-and sex-specific low sALP, thereby increasing awareness of its potential 
aetiologies.
Methods: This retrospective Canadian tertiary care paediatric hospital study assessed all sALP of ambulatory patients aged less than 18 years 
from 2015 to 2017. The hospital used a Beckman Coulter AU assay to measure sALP and compared values to the Canadian age-and sex-specific 
reference intervals from CALIPER. All children who had at least one subnormal age-and sex-specific sALP were evaluated. A review of medical 
charts of included patients was performed and demographic characteristics, medical history and diagnosis were collected, and categorized under 
groups of medical disorders.
Results: Of 11,874 included patients, 1,001 patients (9.2%) had low sALP. Of those, 48% (485/1,001) had transient low sALP activity and 9.6% 
(96/1,001) had persistently low sALP. Prolonged immobilization and inflammatory bowel disease represented the main aetiologies for persist-
ently low sALP. Interestingly, 13.5% (13/96) of patients with persistently low sALP had no apparent aetiology.
Conclusions: Our results report aetiologies of low sALP in a Canadian paediatric population using age-and sex-specific Canadian reference 
ranges. This study highlights that healthcare providers should be aware that a low sALP may have clinical significance and should be repeated if 
warranted based on further clinical assessment.

Keywords: Alkaline phosphatase; Children; Laboratories; Paediatrics.

Alkaline phosphatases (ALP) are a group of isoenzymes pro- 
duced by different organ systems in the body (1–3). There are 
four  different types of isoenzymes found in humans; three of 
these four isoenzymes are tissue-specific to the intestine, placenta, 
and germ cells. The fourth ALP isoenzyme is present throughout 
the body, and thus is referred to as tissue non-specific alkaline 
phosphatase (TNSALP); however, it is particularly abundant in 
the liver, bone, and kidney (2,4). Commercially available labo-
ratory tests for alkaline phosphatase measure all forms of ALP 
(5). In healthy adults, the bone and liver isoforms of TNSALP 
represent about 95% of measured ALP activity (6). Infants and 

children may have higher levels of the bone isoform of TNSALP, 
particularly during growth spurts (7). Levels differ significantly 
based on age and sex, and it is therefore important to establish 
and reference age- and sex-associated normal ranges (8).

Serum ALP (sALP) activity is often measured in clinical 
practice as part of routine studies. Physicians are typically 
alerted to elevated sALP activity by biochemistry laboratories, 
since high sALP is not an uncommon finding, and usually 
indicates hepatobiliary or bone disease (5,9,10). sALP ac-
tivity can also be transiently elevated following a fracture or 
orthopaedic surgery (11,12). Increasingly, physicians are also 
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being made aware of low sALP activity that are age- and sex-
specific (13,14); however, they may not be aware of its clin-
ical significance. It has been previously reported that low 
sALP can be indicative of a variety of conditions, including 
hypophosphatasia (HPP). HPP is a rare metabolic bone dis-
ease caused by deficient activity of TNSALP, resulting in the 
accumulation of inorganic pyrophosphate, which is a potent 
inhibitor of mineralization (1). Other reported causes of low 
sALP include malignancies, endocrine or metabolic disorders, 
inflammatory and renal diseases, nutritional deficiencies, and 
certain drugs. Furthermore, sALP activity can also be tran-
siently low due to the variable course of these diseases, as well 
as therapeutics such as glucocorticoids, bisphosphonates and 
blood cell transfusions (5,15).

Given the myriad of medical conditions associated with low 
sALP, the primary aim of this retrospective study was to re-
port clinical manifestations of ambulatory paediatric patients 
with age- and sex-specific low sALP activity, thereby increasing 
awareness of its aetiologies. The secondary objective was to de-
termine whether a low sALP value normalized over time, or if 
it remained decreased which could be associated with a known 
aetiology or could be more concerning for an underlying condi-
tion such as HPP.

M ET H O D S

Study design and population
This retrospective hospital-based data screening study was 
carried out at the Montreal Children’s Hospital, a paediatric ter-
tiary hospital affiliated with McGill University. Ethical approval 
for this study was waived by the Research Ethics Board of the 
institution as it was based on chart reviews and considered as a 
quality improvement project.

All recorded sALP measurements of ambulatory patients aged 
less than 18 years between June 1st 2015 and December 31st 
2017 were assessed, with the start date coinciding with the use of 
age- and sex-matched reference ranges at the newly constructed 
hospital site. The hospital used a Beckman Coulter AU bio-
chemical assay to measure sALP and appropriate paediatric 
sALP reference ranges. The low sALP cut-off value was selected 
based on the lower limit of the age- and sex-specific reference 
range using a 90% confidence interval from the CALIPER study 
(see Supplementary Table) (16). As reference ranges for sALP 
activity are age-and sex-dependent, patients were grouped into 
seven different age categories. Since sALP values differ for sex 
at 13 years of age and above, these children were categorized 
in three groups based on sex. All children who had at least one 
sALP value detection below the lower reference limit for age and 
sex, defined as the 2.5th percentile lower reference limit, were 
evaluated for inclusion into this study. Inpatients were excluded 
due to increased risk of having low sALP values due to illness. 
Included children were then divided into three groups: (i) 
patients with only one available sALP value that was low (Group 
1); (ii) transient low sALP –two or more sALP values that were 
low at least 6 months apart with prior or subsequent normal 
sALP values (Group 2); and (iii) persistently low sALP, defined 
as two or more sALP values that were low at least 6 months apart 
at different hospital visits without normalization (Group 3).

Measures
Following identification of the included children, a review of 
medical charts was performed. Children’s demographic charac-
teristics, medical history and diagnosis were collected when avail-
able, and based on their manifestations, categorized according to 
known aetiologies of low sALP or with no associated medical 
history. In addition, any intervention(s) the patient required was 
documented including but not limited to medical treatment and/
or surgical procedures and/or medically assistive devices.

Data analysis
Descriptive analysis was performed for all variables. 
Characteristics of children with low sALP values and their med-
ical diagnosis were expressed as frequency and percentages. Data 
on sALP values were presented as median and range. Differences 
in sALP median values between children with persistently low 
sALP activity and medical condition were tested using the non-
parametric Mann–Whitney U test. Statistical significance was 
based on probability values ≤0.05. All statistical analyses were 
conducted using Statistical Package for Social Sciences (SPSS, 
version 23.0, Chicago, IL, USA).

R E SU LTS
Over the 2.5-year study period, a total of 27,360 serum samples 
from 11,874 patients were analyzed for sALP activity. Based on 
the study exclusion criteria, 21,495 samples (10,834 patients) 
had a low cut-off ALP before applying the CALIPER references. 
A total of 1,001 patients (9.2%) had low sALP as per CALIPER 
reference intervals and were studied further. Of those, 42% 
(420/1,001) had only one low sALP measurement and almost 
half (48.5%; 482/1,001) had transient low sALP activity. Only 
9.6% (96/1,001) of the patients had persistently low sALP ac-
tivity (Figure 1).

The age- and sex-specific sALP levels of included children are 
presented in Table 1. At the time of the investigation, sALP values 
ranged from 6 to 136 U/L. Fifty-six percent of the children were 
male and the average age was 9 years (SD 5.46).

The aetiologies varied among the study participants (Table 
2). Approximately 60% (607/1,001) of the patients with low 
sALP had an associated aetiology. However, most of the children 
with a single low sALP value (group 1) had no apparent diag-
nosis (75.9%; 319/420), whereas for group 2 (transiently low) 
and group 3 (persistently low), the majority of children had a 
well-known medical association [87.3% (423/485); 86.7%, 
(83/96), respectively]. Of the 27 patients with rheumatological 
conditions with low sALP values, 16 of them had Kawasaki dis-
ease (KD) (Table 2).

We identified 96 children with persistently low sALP activity 
(Table 3). The sALP did not vary by medical condition (P = 0.23; 
Table 3).Thirteen children (13.5%; 13/96) with persistently low 
sALP activity had no apparent diagnosis. No acknowledgement of 
the low sALP activity was documented in any of the patients’ charts.

D I S C U S S I O N
Our study reports known aetiologies of low sALP activity in a 
Canadian paediatric population, and that a low sALP should be 
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acknowledged as it may have some clinical significance. Novel 
to this study is the use of validated Canadian paediatric age- 
and sex-specific reference ranges to define low sALP activity in 
conjunction with available clinical data. Using these age- and 
sex-specific reference ranges, we found that 9.2% of children 
had low sALP activity, and that the majority had an associated 
aetiology. Of note, 16 patients had KD, which corroborates with 
a recently published case report of low sALP activity in this con-
dition (17).

The number of patients in our study with low sALP activity is 
higher than what has been previously reported in the paediatric 
literature (13,18). Specifically, Bayramli et al. (18) reported low 
sALP activity in 0.9% of their included Turkish patient popula-
tion over a study period of 17 months with an estimated 0.06% 
for persistently low sALP. This study used in house constructed 

age- and sex-specific sALP ranges with a 90% confidence in-
terval. Although both studies were conducted at tertiary care 
paediatric hospitals where more chronically ill patients are 
likely to be assessed, the use of a different reference range for 
sALP measurement may have accounted for the discrepancy 
between our studies. It is also possible that sALP activity may 
not have been typically measured in conjunction with other 
liver enzyme tests as at our institution. Therefore, our patients 
with severe malnutrition, cancer, and IBD may have had sALP 
obtained or monitored more often, which can be associated 
with low sALP activity (19). Conversely, Deeb et al. (13) found 
a similar prevalence of low sALP (7.8% of their 2,890 patients) 
among children in the United Emerits. However, they used a 
North American age- and gender-specific low sALP reference 
range.

11,874 pa�ents (27,360 serum samples))

Exclude hospitalized pa�ents – 1,040 pa�ents

Exclude pa�ents who did not have at least 1 low sALP value 
adjusted for age and sex – 9,806 pa�ents

1,028 pa�ents (1,981 serum samples)

Exclude due to incomplete charts and illegible informa�on -
17 pa�ents

1,001 pa�ents (9.2%) u�lized for analysis

N=420 (42%)
One low sALP value

N=485 (48.5%)
Transient low sALP

N=96 (9.6%)
Persistently low sALP

10,834 pa�ents (21,495 serum samples)

GROUP 3GROUP 1 GROUP 2

Figure 1. Flow chart of patients analyzed in the study

Table 1. Characteristics of patients with low alkaline phosphatase concentrations by age and sex (N = 1,001)

Age range 15 days to < 
1 year

1 to < 10 
years

10 to <13 
years

13 to < 15 years 15 to <17 years 17 to <19 years

Gender * * * M F M F M F

Number of patients  
[N (%)]

12 (1.2) 535 (53.5) 125 (12.5) 49 (4.8) 38 (3.8) 78 (7.8) 45 (4.5) 62 (6.2) 57 (5.7)

Lowest ALP value 
(U/L) [median (range)]

91 (40–132) 106 (5–132) 95 (16–131) 84 (32–119) 65 (8–115) 57 (20–106) 39 (22–81) 54 (5–74) 36 (17–45)

*No sex difference in the range
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Our higher prevalence rate of low sALP may be explained by 
the use of the CALIPER reference ranges, a validated Canadian 
Pediatric Reference Database. The CALIPER reference intervals 
cover 95% of the healthy population, and therefore the lower 
limit encompasses otherwise healthy children. In our study, 
we were more likely to have sampled sicker patients on var-
ious medications with even lower sALP levels compared to the 
CALIPER lower cut-offs. Furthermore, these CALIPER refer-
ence ranges were obtained from samples of a multiethnic popu-
lation of the greater Toronto area, including European and Asian 
descent but our measurements were procured from a Quebecois 
population. Therefore, we speculate that our paediatric cohort 
may have a unique genomic map post founder effect (20) and 
warrants further study. Lastly, EDTA contamination is known 
to decrease sALP activity (21). Although we cannot completely 
rule out this possibility in our study, our laboratory discards any 
known EDTA contaminated samples.

Prolonged immobilization and IBD represented the main 
aetiologies for children with persistently low sALP activity in 
this tertiary care paediatric cohort. Many of the immobilized 
patients were patients with Duchenne muscular dystrophy, 
treated with bisphosphonates and systemic glucocorticoids, 
which are two described causes of low sALP (13). None of 
our patients with persistently low sALP activity were already 
known to have HPP, a now treatable condition with varying se-
verity associated with recurrent fractures, and premature tooth 
loss with the root intact. The carrier frequency of HPP in North 
America is approximately 1 in 200 (22) but is as high as 1 in 25 in 
Canadian Mennonites (23). As low sALP can be one of the first 
presenting signs of the less severe forms, health care providers 
should further assess abnormally low sALP values in the absence 
of an associated aetiology for signs suggestive of HPP with a 
targeted medical history and physical examination. Studies have 
also proposed screening with pyridoxal-5-phosphate levels as 
part of the diagnostic pathway for HPP (24,25).

Previous studies (14,18,25) were able to further identify 
patients via genetic testing with possible HPP based on ini-
tial screening by low sALP values, even prior to any onset of 
symptoms (26). Saraff et al. (14). reported 2 patients with ALPL 
mutations out of 50 patients with persistently low sALP activity, 

and Bayramli et al. (18). diagnosed 5 patients with HPP in a 
subset of 122 patients. Interestingly, 13.5% of our patients with 
persistently low sALP activity had no apparent aetiology. Given 
the size of our paediatric study, it is possible that our sample 
also included undetected cases of the less severe forms of HPP. 
However, considering the rarity of this condition, it is important 
to also consider other causes of persistently low sALP in the clin-
ical context and to perform further step-wise investigations as 
previously suggested (14). As shown in our study, patients with 
transient low ALP values likely had fluctuations due to the vari-
able course of their disease, with flares and remission, and the use 
of therapeutic agents, such as glucocorticoids, and transfusions/
anaemia (5,13). Therefore, this supports the importance of per-
forming a comprehensive clinical assessment and review of all 
previous laboratory values, avoiding the need for additional un-
necessary investigations.

Of note, some patients in our study with low sALP activity 
had no apparent past medical history available in the chart, and 
did not have available repeat sALP values. While repeat values 
could have been obtained at a different laboratory, this is con-
sistent with the perception that low sALP activity is generally 
not a cause of concern for treating health care professionals, as 
has been previously reported (13,14,18). Therefore, low sALP 
values should always be flagged to healthcare professionals for 
further clinical assessment.

There were many limitations to this study. First, this is a ret-
rospective study, therefore limited to information gathered 
from the past. Past medical history was likely to be incomplete 
as some information may not have been judged relevant to the 
clinical visit, such as height, pubertal assessment and/or history 
of malnutrition and/or fractures. Additionally, it is possible that 
repeat sALP values were measured at a different test centre as 
part  of a follow-up despite no documentation in the medical 
chart. Finally, there is also a selection bias in our sample of ter-
tiary care paediatric patients as they are most likely to have their 
sALP measured and monitored.

In conclusion, our results increase awareness of aetiologies of 
low sALP activity in a Canadian pediatric population, and that 
a low sALP activity may have some clinical significance. A per-
sistently low sALP may warrant a further targeted clinical and 

Table 2. Patients with low sALP by group and medical condition (N = 1,001)

Medical condition Group 1† Group 2‡ Group 3§

N = 420 N = 485 N = 96

Malnutrition 27 (6.4) 62 (12.7) 11 (11.2)
Cancer 6 (1.4) 78 (16) 13 (13.3)
Inflammatory bowel disease (IBD) 0 105 (21.6) 22 (22.4)
Prolonged immobilization 5 (1.2) 25 (5.1) 26 (26.5)
Renal conditions 6 (1.4) 36 (7.4) 3 (3.1)
Rheumatology conditions 15 (3.5) 9 (1.8) 3 (3.1)
Skeletal issues 1 (0.2) 6 (1.2) 2 (2)
Other 41 (9.7) 102 (21) 3 (3.1)
No PMHx 319 (75.9) 62 (12.7) 13 (13.3)

All variables are presented as number (N) and percentage (%).
†Group 1: Patients with a single low sALP.
‡Group 2: Patients with at least 2 low sALP at least 6 months apart, with prior or subsequent normalization.
§Group 3: Patients with persistently low sALP at least 6 months apart without normalization
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laboratory assessment, especially in the absence of an associated 
medical condition. Novel to this study is the use of validated 
Canadian paediatric age-and sex-specific reference ranges to de-
fine low sALP activity.
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Supplementary data are available at Paediatrics & Child Health 
Online.
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